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Report No. LO414-01-16

I. OBJECTIVES
The obJjectives of this program are:

A. To study the susceptibility to stress-corrosion cracking of
rocket-motor case materials: e.g., Vascojet 1000, 300M, and Ladish DOAC steels,
AM355 and PH15-TMo stainless steels, and B120VCA titanium.

B. To study the environmental parameters, including the atmosphere
outside and inside the rocket case, that affect the rate and extent of stress

corrosion.

C. To determine the effect of material parameters (composition,
strength level, welding, microstructure, surface conditions, etc.) on the stress-

corrosion process.

D. To devise and evaluate techniques for preventing the stress-

corrosion cracking of rocket-motor case materials.

IT. WORK PROGRESS

A. UNWELDED SPECIMEN TESTS

Both bent-beam and U-beam specimens were employed in evaluating
the susceptibility to environmental stress-corrosion cracking of unwelded samples
of the candidate alloys. A comprehensive summary of the bent-beam specimen test
results is given in Table 1, and of the U-bend specimen test results in Table 2.
The bent-beam specimens were stressed to 75% of the yield strength, and the U-bend
specimens were bent over 127- and 24T-diameter mandrels. The specimens were then
exposed to environments representative of those that would exist during some
phase of the manufacturing, testing, and long-term storage of solid-rocket-motor

chambers. These tests were completed, and the data accumulated is quite indicative
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of which alloys are susceptible to stress-corrosion cracking in the environments
tested and of which environments induce stress-corrosion cracking of the alloys
tested.

B. WELDED SPECIMEN TESTS

Welded bent-beam specimens of Ladish DAAC, 300M, and VascoJjet 1000
steels, and of B120VCA titanium alloy were prepared; environmental testing is ex-
pected to begin shortly.

c. COATED SPECIMEN TESTS

Three protective coatings are currently being evaluated, two of
epoxy-type and one a urethane-type coating. A summary of the environmental test
data accumulated to date is given in Table 3. Specimens are currently being pre-

pared with two other coatings, one a vinyl-type, and the other a zinc-filled coating.

Environmental testing of these specimens will begin as soon as received from the

coating vendors.
III. FUTURE WORK

A, Continuation of the environmental stress-corrosion testing of

coated bent-beam specimens.

B. Environmental stress-corrosion testing of welded bent-beam

specimens.
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Strength
0.2% Offset No. of

Alloy  _psix10°3 Specimans

Ladish 197.5
Désc 202.5

222.5
222.5

235,0
235.0
235.0
235.0
235.,0
235.0
235.0

252.0
252.0
252.0
252.0
252.0
252.0
252.0

B AN W

LI I I B IR YR NYY

£ AN

300M 196.0
196.0
196.0

213.0
213.0
213.0

233.0
235.0
23%3.0
233.0

\N

LI IR

o

Vascojet 194.0
1000 212,0

257.5 .
237.5
237.5
240.0
2L0.0
240.0

oA W\

RS

AM355 (1)199.0"**
(L)250.0
(L)250.0

(L)278.5
(L)278.5

AN AN

LIV}

PH 15-7 199.5
L 225.0
237.0

Bl2ovCA  (L)137.5

Titanium (1)139.5
(1)129.5
(T)139.5

(TYL45.5
(T)145.5

(L)149.0
(L)158.0

(T)166.0
(T)166.0

LI BN AN 1 WO L

LI

L C N

*Stressed to T5% of the 0.2% offset yield strength.

”NF-QB = no failure in 28 days.

Time to Time to
Failure No. of Failure No. of
—(Davs) Specimens _(Days) Specimpens
NF-28%* 3 NF-21
NF-28 3 NF-21
NF-28 3 NF-21 3
NF-298 1 NF-298 6
- 1 103.8 -
- 1 125.0 -
- 1 138.7 -
- 1 148.7 -
- 1 165.7 -
NF-28 3 NF-21 3
NF-298 1 NF-298 1
- 1 84,0 1
- 1 95.8 1
- 1 112.0 1
- 1 113.0 1
- 1 118.7 1
NF-28 3 NF-21 3
NF=28 3 NF-21 3
NF=28 3 NF-21 3
- 1 84.0 1
- 1 139.0 1
- 1 171.9 1
NF-28 3 NF-21 3
NF-28 5 NF=-21 3
NF-28 1 7.6 1
- 1 7.8 1
- 1 T.9 1
NF-28 1 1.8 1
- 1 35,2 1
- 1 he3 1
NF-49 3 NF-kg 3
NF~28 3 NF-21 3
- 3 NF-298 3
NF-28 5 {F-21 3
- 3 NF-298 3
NF-269 5 NF=109 3
NF-269 5 NF-109 3
NF-269 3 NF=109 5
NF-28 3 NF-21 3
NF-28 3 NF-21 3
NF-28 3 NF-21 3
NF-28 3 NF-21 3
NF=-28 5 NF-21 3
NF-28 3 NF-21 3
- 3 NF-298 3

™. transverse, L = longitudinal,

AN AN

Time to
Failure

NF-21
NF=-21

NF-21
151.7
151.7
186.7
NF-21
NF-21

13.7
14.7
15.7

2.7
8.8
9.7

NF-L9

NF-21
NF-298

NF-21
NF-298
NF-109
NF-109
NF-109

NF=-21
NF=21

NF=21

NF-21
NF-21

NP-21
NF-298

BENT~BEAM STRESS-CORROSION TEST

IABLE)

0.25%

Yield Alr Distilled Water Tap Water Naa(kaoz Solution

Tine to
No, of Failure
fpecigens
3 NF-21
3 NF-21
3 NF-21
3 NF=104
3 NF-21
3 NF-104
3 NF-21
p) NF-21
3 NF-21
3 NF-21
3 NF=-21
3 NF-21
3 NF-21
NF-L9
3 NE-21
3 NF-21
3 NF-109
3 NF-109
3 NF-109
3 NF-21
3 NF-21
3 NF-21
3 NF-21
3 NF-21
3 NF=-21

1% Marquench
Sslt Solytion

Time to

No. of Failure

Specimeny

3 NF-21
3 NF-21
3 NF-21
3 NF-104
3 NF-21
3 NF~104
) NF-21

3 NF-21
3 NF-21
3 NF-21

3 NF-21
3 NF-21
3 NF-21
3 NF-49

3 NF-21
3 NF-21
3 NF-109
3 NF-109

3 NF-109

% NF-21
3 NF-21
3 NF-21

3 NF-21
3 NF-21
3 NF-21

No.

of

LERLERN RN )

COF 1 BANAN

AS

N

e e AN AN [

AN W

BN e WL W DD IR

LIS AN RN}



AGPOTL NO., LUSIAR-VULl-]10

IAME L
BENT-BEAM STRESS-CORROSION TEST DATA"

. Jovironmens

1% Marquench 4% Soluble
3% NaCl Solution _Txichloroechviepe _._ Cosmoline  _ Oil Solution . Hish Huaddisv  _Solid Propellant

Time to Time to Time to Tims to Time to Time to Time to
No. of Failure No, of Failure No, of Failure No. of Failure No. of Pailure No. of Failure No, of Failure

o
1WMWMWMMMWMWMW

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-181 -

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 1 NF-181 .

- - - - - - - - - - 1 57.0 -

- - - - - - - -N - - 1 61.7 -

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 1 23.0 6

L 3 NF-104 3 NF-104 3 NF-104 3 NF-10k4 3 NF-104 1 23,2 -
- - - - - - - - - - 1 26.7 -

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 1 5.7 6

L 3 NF=10k 3 NF-104 3 NF=104 3 NF-104 3 NF-104 1 1.0 -
- - - - - - - - - - 1 14,2 -

3 NF-21 3 NF-21 3 NF-2. 3 NF-21 3 NF-21 1 18.1 -

- - - - - - - - - 1 25.7 -

- - - - - - - - 1 32.9 -

3 NF-21 3 NF-21 L NF-21 3 NF-21 5 NF-21 1 3.9 -

- - - - - - - - - - 1 6.9 -

- - - - - - - - - - 1 19.8 -

3 NF-21 3 NF=-21 3 NF-21 3 NF-21 3 NF-21 1 2.7 6

- - - - - - - - - - 1 3.9 -

- - - - - - - - - - 1 4.8 -

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 - - -

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 - - -

3 NP-21 1 6.9 3 NF-21 3 NF-21 3 NF-21 - - -

- - 1 10.0 - - - - - - - - -

- - 1 10.1 - - - - - - - - -

3 NF-21 1 1.2 3 NE-21 3 NF-21 3 NF-21 - - N
- - 1 1.7 - - - - - - - - 1
- - 1 6.7 - - - - - - - - 1

‘ 3 NF-49 3 NF=49 3 NF-49 3 NF-49 3 NF-49 - - -
3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 - - -

3 NF-21 3 NF-21 3 NF-21 5 NF-21 3 NF-21 3 NF-81 3

9 3 NF-109 3 NF-109 3 NF-109 3 NF-109 3 NF-109 3 NF-112 -
9 3 NF-109 3 NF-109 3 NF-109 3 NF-109 3 NP-109 3 NF-112 -
9 3 NF-109 3 NF-109 3 NF-109 3 NF-109 3 NF-109 3 NP-112 6
3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 2 KP-111 -

3 NF-21 1 NF-21 2 NF-21 3 NF-21 3 NF-21 2 NP-111 -

- - 1 0.0+ 1 3.4 - - - - - - -

- - 1 0.03 - - - - - - - - -

3 NF-21 3 NF-21 2 NF-21 3 NF-21 5 NF-21 3 NP-111 -

- - - - 1 0.9 - - - - - - -

3 NF-21 3 NP-21 3 NF-21 3 NF-21 3 NF-21 3 NP-111 -

3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 NF-21 3 Nr-111 6

3 NF-21 3 NP-21 .3 NP-21 3 NF-21 3 NF-21 3 NF-111 6

Table 1
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